Abstract. Thymic carcinoma is an exceptionally rare tumor, which has a very poor prognosis, differing from thymoma. Although cytotoxic chemotherapy is commonly used to treat advanced thymic carcinoma, its effectiveness has not been found to be sufficient. There are several reports that thymic carcinoma also harbors an oncogenic driver mutation, similar to lung cancer. A patient with a c-Kit mutation-positive thymic carcinoma received imatinib followed by sunitinib consecutively, which are both c-Kit inhibitors. Although the patient had achieved long-term disease control for 21 months, the primary lesion and pulmonary metastases had increased in size by November, 2014. Following failure of imatinib treatment, the patient received sunitinib, a multiple kinase inhibitor, initiated in December, 2014. Following administration of sunitinib, a computed tomography scan revealed a partial response and the disease was effectively controlled with continued sunitinib treatment for 6 months, up to June, 2015. The patient achieved long-term disease control (~27 months) with imatinib followed by sunitinib. The efficacy of consecutive molecular-targeted therapy for thymic carcinoma was demonstrated in this case. Therefore, thymic carcinoma with oncogenic driver mutations should be treated with molecular-targeted agents rather than with cytotoxic drugs, and it may be suitable to treat c-Kit mutation-positive thymic carcinoma as a mediastinal gastrointestinal stromal tumor.
Introduction
Thymic carcinoma is an exceptionally rare tumor, which has a very poor prognosis, differing from thymoma. Advanced thymic carcinoma is usually treated with chemotherapy using cytotoxic agents, such as anthracycline-based regimens, which are recommended by the National Comprehensive Cancer Network guidelines (www.nccn.org/professionals/physician_ gls/pdf/rectal.pdf). However, the efficacy of those regimens has not been satisfactory.
There have been several recent reports on the presence of an oncogenic driver mutation in thymic carcinoma, such as a c-Kit mutation (1-3). In adition, the efficacy of molecular-targeted therapy for thymic carcinoma has been demonstrated in previous case reports (4, 5) . In the present case report, a patient with c-Kit mutation-positive thymic carcinoma was successfully treated with two consecutive c-Kit inhibitors.
Case presentation
A 35-year-old woman with a negative smoking history was diagnosed with advanced thymic carcinoma with multiple pulmonary metastases in April, 2011. The tumor was histologically diagnosed as squamous cell carcinoma. The patient received chemotherapy with carboplatin plus paclitaxel in May, 2011 and achieved a partial response. However, a computed tomography (CT) scan in March, 2012 revealed a relapse of the thymic carcinoma, with an increase in the size of the primary lesion and the pulmonary metastases. The patient then underwent treatment with c-MET and Akt inhibitors, as part of a clinical drug investigation. Despite treatment, the primary lesion and pulmonary metastases re-relapsed in March, 2013 after only a short period of stable disease. A repeat biopsy of the pulmonary metastases was performed to identify oncogenic driver mutations, such as those involving the epidermal growth factor receptor, echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase and c-Kit genes, with the aim of identifying other potentially effective chemotherapies, particularly molecular-targeted therapies.
It was hypothesized that the pulmonary lesions included a metastatic lesion from the thymic c-Kit-expressing squamous cell carcinoma. This was confirmed by hematoxylin and eosin staining and immunohistochemistry (Fig. 1) . Moreover, an active mutation of c-Kit in exon 11 (V559G) was detected in the pulmonary metastases using the reverse transcription polymerase chain reaction-invader assay (Fig. 2) . No other driver mutations were detected. The patient was thus treated with imatinib, which is the standard treatment for gastrointestinal stromal tumors (GISTs).
Following treatment with imatinib, which was initiated in March, 2013, the primary lesion and pulmonary metastases exhibited a partial response (Fig. 3) . Although long-term disease control was achieved for a period of 21 months, the size of the primary lesion and pulmonary metastases increased again in November, 2014. Following failure of imatinib treatment in December, 2014, the patient was treated with sunitinib, a multiple kinase inhibitor, which also inhibits c-Kit. A CT scan which was performed following administration of sunitinib revealed a partial response. In June, 2015, the patient's disease had been controlled with sunitinib for a period of 6 months, and the patient continued to receive sunitinib treatment, with a good performance status. Therefore, long-term disease control (~27 months), was achieved with imatinib followed by sunitinib treatment.
Discussion
Several case reports recently demonstrated the presence of c-Kit mutations in thymic carcinoma (1, 2) , with long-term disease control achieved with the c-Kit inhibitor imatinib (4-6). Simillary, there are several reports on the use of other molecular-targeted therapies for the treatment of thymic carcinoma, such as sorafenib and sunitinib (7-10). Molecular-targeted therapy for thymic carcinoma may only appear to achieve long-term stable disease. However, the correlation between oncogenic driver mutations and molecular-targeted agents remains unclear, with the exception of c-Kit mutations (11) .
Patients with advanced GISTs determined to be c-Kit mutation-positive are generally treated with imatinib (12) . Following failure and discontinuation of imatinib, GISTs have been treated with sunitinib as second-line therapy (13) . The efficacy of these c-Kit inhibitors for c-Kit mutation-positive thymic carcinoma is reported to be similar (5, 14) . Therefore, GISTs and c-Kit mutation-positive thymic carcinoma may share a similar background (15) and, thus, we should discuss the treatment strategies for thymic carcinoma as a GIST.
The efficacy of consecutive molecular-targeted therapies for thymic carcinoma was demonstrated in this case. Therefore, thymic carcinoma with an oncogenic driver mutation should be treated with molecular-targeted agents rather than with cytotoxic drugs, and it may be suitable to treat a c-Kit mutation-positive thymic carcinoma as a mediastinal GIST.
